We make a generic remark on the thermal history of a single brane cosmology in models with an infinitely large extra dimension. We point out that the reheat temperature of the Universe is bounded by an excess production of gravitons from the thermal bath. The actual bound depends upon the brane tension. If the initial temperature of the Universe is larger than this bound, then a graviton dominated phase prevails the early history of the evolution, which comes to an end with a due restoration of the radiation dominated phase before the Big Bang nucleosynthesis takes place. We argue that whatsoever be the early evolution of the Universe, the final radiation dominated phase always starts after the Universe transits from the non-conventional era to the standard cosmological era. In this scenario we give a new lower bound on the brane tension; which is ∼ (10 11 GeV) 4 . This implys that there is no deviation from the Newton's law for distances r > ∼ 10 −5 fm in these models.
There has recently been much interest in the possible existence of a non compact (infinite) extra dimension [1] . This has a striking feature that a four dimensional gravity can be thought of as being a zero mode of a 4 + 1 dimensional anti de-Sitter bulk field which is localized on a hypothetical 3+1 dimensional Poincaré invariant brane where we are assumed to live. This gravitational zero mode has a unique profile which decays as we go away from the brane due to the presence of a non-trivial warp factor which peaks around the brane. A simple extension of this proposal can also solve the hierarchy between the Planck scale and the electroweak scale, if another brane with a negative tension can be located at a distance where the vacuum expectation value of the Higgs naturally picks up an electroweak scale due to the presence of the warp factor [2] . It has been noted earlier in Ref. [3] that the thermal history of such a Universe departs significantly from the standard lore. This is mainly due to the fact that the (0, 0) component of the Einstein's equation contains some new terms which are present due to the fact that the brane is infinitely thin, and, the matter fields in the 4 + 1 dimensional set-up are actually supposed to be localized on such a brane [4, 5] .
An interesting feature of such a brane world system is a continuous mass spectrum of the Kaluza-Klein (KK) modes of gravity expanding from zero mass up to the Planck scale. This is in contrast with the usual KK theories and all kind of compact extra dimensional models, where the KK spectrum is always discrete (see for instance Refs. [6] [7] [8] [9] [10] ). It is usually believed that these KK modes can be excited from a thermal bath once inflation comes to an end. Eventhough these KK modes are weakly coupled to other matter fields, they might pose a genuine threat to the synthesis of light elements in a similar way as in the case of a massive unstable relic particle [11] .
Usually the reheat temperature of the Universe is recognized as the largest temperature of the Universe during the radiation epoch that extends up to the nucleosynthesis era. In almost all the cases the reheat temperature of the Universe is constrained in order not to overproduce weakly coupled particles such as KK gravitons, gravitinos and moduli. Especially in the supersymmetric case one has to worry about the gravitinos because their mass is ∼ 1 TeV in gravity mediated supersymmetry breaking models, and their coupling to other fields is Planck mass suppressed. This is the reason why they decay during the nucleosynthesis era. When they decay they inject entropy and reheat the plasma [12] . Very similarly once the KK modes are produced they go out of equilibrium from the rest of the thermal bath and their number density redshifts as the Universe expands. The mass of these modes remain same when they decay and their decay products inject entropy to the Universe before nucleosynthesis, during nucleosynthesis, and after nucleosynthesis. If they decay much later, then, they are constrained from the diffusion of photons in a micro wave background radiation [10, 13] .
In this paper we present some interesting results concerning the thermal history of a single brane cosmology. We argue that the reheat temperature of a brane is only bounded by a threshold temperature, which is also know as a normalcy temperature of the KK gravitons. This is considered to be a scale which determines the departure from the radiation dominated Universe to a KK dominated Universe. Moreover, we also establish that if KK dominance has taken place then the brane tension itself is constrained from below in order not to disrupt the successes of the Big Bang Nucleosynthesis (BBN). This leads to a strong constraints on the possibility of testing this scenario in future collider experiments, or, by measuring the strength of gravity at short distances. In what follows we briefly introduce the cosmology of a single brane. We then study the abundance of KK modes and the thermal history of the Universe in a more general context. The cosmology of a single brane is modified significantly due to the fact that the energy momentum tensor is localized on a brane with T µ ν brane = δ(y) (−ρ, p, p, p, 0). This defines the appropriate boundary conditions for the cosmological parameters in the extra spatial direction and changes the Friedmann equation while describing the time dependent scale factor on the brane [4, 5, 14, 15] . In the simplest scenario, where the extra dimension is supposed to be stable and free from space-like singularities no time dependent contribution comes from the bulk. In particularly, an extra term appears in the Friedmann equation which goes as ∼ 1/a 4 , where a is the time dependent scale factor on the brane [4] . Such a term is usually interpreted as a dark radiation contribution to the brane, and actually encodes the information of the time dependence of the fifth dimension [5, 16] . Also, it has been conjectured on the basis of AdS/CFT correspondence that such a time dependent source term might appear due to the presence of a black hole in the bulk (see for instance [17, 18] ). However, as it has been shown in Ref. [16] , such a term is absent if we assume that the bulk is stable. In such a case the Friedmann equation simplifies and yields
where the brane tension λ relates the four dimensional Planck mass M p ≈ 10 19 GeV to the five dimensional (fundamental) Planck scale M 5 via [1]
This is actually a consequence of the cancellation of the negative bulk cosmological constant with the brane tension λ [14, 15] that we have assumed. While the Friedmann equation is modified, the conservation of the energy momentum tensor remains valid on the brane. If we demand that successful nucleosynthesis takes place then the second term proportional to ρ 2 has to play a negligible role at a scale ∼ O(MeV), corresponding to the era of BBN. Thus we have to assume that the modified Friedmann equation paves a usual term on the right-hand side of Eq. (1), which is just linear in energy density 1 . This naturally leads to constraining the brane tension as λ > (1 MeV) 4 . A more stringent constraint on the brane tension can be obtained from the validity of the Newtonian gravity in 3 + 1 dimensions on length scales smaller that 0.2 mm [19] , which leads to constraining the brane tension as λ > (1 TeV) 4 [20] . In this paper we argue that a much superior bound can be obtained purely from cosmology via constraining the KK graviton abundance from BBN.
In our case the Universe exits from the non-conventional era when the energy density ρ ∼ λ, this happens at a temperature T transit ∼ λ 1/4 and before BBN. At energy scales greater than the brane tension the thermal history of the Universe can be altered significantly and some of the consequences have already been discussed in Ref. [3] . Most of the bounds obtained in the above reference neglect the contribution coming from the KK spectrum, and thus the results and the bounds obtained on the brane tension holds good if the temperature of the Universe is below the normalcy temperature. In this paper we consider the contribution of the KK modes in the expansion of the Universe assuming that they are populated after the end of inflation. Once thermalization of the final products of the inflaton has taken place, there could be an initial post-inflationary phase which is radiation dominated. The graviton production occurs due to thermal processes, such as photon-photon fusion, γ + γ → G m , where G m corresponds to the KK graviton of mass m. This single process is Planck mass suppressed [20, 21] such that the cross section goes as σ m ∼ 1/M 2 p . The production of the KK modes occurs at all temperatures because they are distributed continuously on mass. In order to proceed with our calculation we need to know the density of states and for this purpose we have to find out the effective four dimensional wavefunction of these modes. 1 We will frequently imply Eq. (1) to be a consequence of a non-conventional brane cosmology compared to the standard cosmology where H = 8πρ/3M 2 p .
The actual calculation for the wavefunction of the KK graviton has been performed strictly in a static limit in Ref. [1] . The set-up is the following. Let us consider a 5 dimensional anti de-Sitter space (the bulk) where a flat brane of tension λ is located at y = 0; here y represents the infinite fifth dimension. The brane is devoid of any matter ρ ∼ 0. The static metric which is a solution to the Einstein's equation of this set-up is given by
where the constant κ in the decaying warp factor relates the Planck and the fundamental scales by
The above parameter also plays the role of the effective size of the extra dimension, since the KK contribution to gravitational interactions on the brane introduces a correction to the Newton's law which has a functional behavior of ∼ 1/κr [1, 22] , which is similar to that of one large extra dimension [6, 7] of size κ −1 . Notice that the obtained Einstein's solution in Eq. (3), does not hold true if the metric has an arbitrary time dependence. The "static" KK graviton wave function in Gaussian-normal coordinates towards small y is then given by [1] 
where m designates the mass of the KK mode. In our case the situation is quite different since we are certainly not in a static solution as we have a matter ρ = 0 on a brane. However, we presume that the structural form of the above equation remains intact except for some unknown constant factors. In what follows we shall assume the sanctity of Eq. (5) in our analysis.
The total cross section for graviton production (summed over all possible final modes) is then given by
where we have used Eqs. (2) and (4) for establishing the final result. We notice that the cross section increases as we reach higher temperatures and it goes as temperature square.
We may compare our result with that of a single compact large extra dimension without considering the extra spatial dependence in the metric. There we notice that the cross section depends linearly on temperature [7] . In fact in these models the same cross section goes as (T R) δ for δ extra dimensions compactified on a torus. It is worth mentioning that in the present case the effective number of levels contributing at a certain temperature T is given by ∼ (T /k) 2 , which mimics the result of two compact large extra dimensions. Assuming that the final KK states are distributed uniformly in energy scale, we come to a naive conclusion that it is very likely that the lighter states are as abundantly produced as the massive ones. However, our final results are not so sensitive on the choice of distributions. Now let us consider the evolution of the KK modes in a simple set-up by assuming that radiation is dominating the Universe. The equation which governs the individual KK mode number density is given by
where τ m is the decay life time of a massive KK mode given by
If we naively assume that right after the end of inflation the first term is dominating the right-hand side of Eq. (7), then by taking a(t)T (t) = constant, where a is the scale factor of the Universe, we can in fact simplify the above equation. While doing so we may also neglect the evolution of the individual mode and shall concentrate upon all possible KK states excited upto a given temperature. We obtain
Assuming that once the KK states are excited they are no more in thermal equilibrium, then we can integrate Eq. (9) while assuming that we are in a standard cosmological era such that
where D is the dilution factor which depends on the ratio of the number of relativistic degrees of freedom. In the Standard Model this ratio can be at most of the order D ∼ O(10 −2 ), if the maximum temperature is above ∼ 1 GeV. The temperature T r designates the largest temperature during radiation era which is also known as the reheat temperature of the Universe. We also take v = 1, henceforth. Now with the help of Eq. (6) and assuming that the relativistic particles dominate the Universe; n γ ∼ T 3 r , we evaluate the right-hand side of Eq. (10). The ratio thus obtained can not exceed more than one at any later times in order to maintain the successes of the nucleosynthesis era and so we obtain a simple bound on T r , which is
Where the upper bound, T c , is the so called normalcy temperature. This is an important result and here we pause a while explaining its importance. The normalcy temperature guarantees that below this temperature the Universe can be safely considered to be in the radiation dominated phase until BBN. The above temperature shall act as a test bed for any departure from the radiation era in a standard cosmology. Further, let us notice that this temperature is lower than the transit temperature; T transit ∼ λ 1/4 , that marks the transition from the non-conventional era to the standard Universe. This renders our analysis completely fool-proof. As a matter of fact we can also estimate a lower bound on the brane tension. First of all we notice that in the present situation we may excite the KK gravitons with all possible masses upto the highest temperature m ∼ T r . Although their coupling to the matter on the brane is Planck mass suppressed, they are not stable. While studying Eq. (8), we notice that most of the heaviest states decay long before nucleosynthesis era, thus they are considerably harmless compared to those who decay just at the time of nucleosynthesis with masses ∼ O(TeV). These KK states decay into the relativistic particles, such as energetic photons, and their decay products can cause considerable damage to the synthesis of light elements, due to photodisintegration, unless their abundance is assumed to be: n G /n γ ≤ 10 −10 . Assuming that these KK modes were mainly produced at a temperature T ∼ O(TeV), we obtain a bound on the brane tension which yields
This bound supersedes the earlier bound on brane tension ∼ (1 TeV) 4 mentioned above [20] . It translates into a lower bound on the effective size of the extra dimension as
However, one important comment is in order. The above bound holds provided that the reheat temperature is above TeV, which is on the other hand very likely to happen. Otherwise, if T r < TeV the above bound does not apply as such. For instance, in the interesting case where κ ∼ 1 mm −1 , one gets T c ≈ 10 MeV, just as in the case of two compact large extra dimensions. This might render an extreme fine tuning in the inflaton to matter sectors to reach such a low reheat temperature. We will come back to comment about the robustness of the above bound even for reheating temperatures smaller than TeV while analyzing more carefully the KK production.
In order to cross check our previous analysis, let us wonder what happens if the Universe prefers to thermalize during the non-conventional era while H ∝ (ρ/M p √ λ). We can repeat the same procedure. An important point to mention is that the structural form of Eq. (10) shall remain intact in our case [3] . Now, we obtain a bound on reheat temperature from n G /n γ ≤ 1, which gives
Unfortunately the above bound is not consistent with our assumption because the temperature obtained designates that the Universe has already made its exit to the standard cosmological era.
It is worth mentioning that the above analysis does not preclude the possibility of thermalizing the Universe during the non-conventional era, or, in general above the normalcy temperature given by Eq. (11) . If the Universe termalizes at temperatures larger than the normalcy temperature after the inflaton has decayed, then the initial radiation bath might be able to excite a larger number of KK modes overpassing the photon density via enhancing the effective number of relativistic degrees of freedom compared to the Standard Model. This might render the Universe in a KK dominated phase. However, as we have stated earlier the KK modes are not stable, and eventually they decay at some point in thermal history. The KK number density has to be substantially reduced in order to pave a radiation dominated phase which must be restored at least before ∼ O(1Mev). Thus, in order to address this problem we ask whether and under what conditions one may overproduce KK gravitons. At higher temperatures the effective number of states one can excite follows as T 2 /κ 2 from Eq. (5). As long as the temperature is above the normalcy temperature T c , we expect that the production of the KK states significantly alters the cosmology. In fact this indeed happens if
where T max stands for the largest temperature of the initial radiation phase. We also remark that Eq. (15) does not depend on a particular choice of cosmology. In fact, it says that if T max lies anywhere in the non-conventional era, the Universe necessarily goes through a KK dominated epoch. The above expression also asserts that for temperatures larger than T c , one can produce KK modes of all masses up to the maximum temperature very efficiently and as copiously as the heaviest ones. Certainly, these KK modes might have some consequences to the evolution of the Universe. This is what we are going to discuss in the coming paragraphs.
It is quite evident that if the KK modes are produced in such a way that their number density overshoots the other relativistic species, then the evolution of the Universe would not be that of the radiation era and the radiation domination could not be recovered until the last of the KK modes in excess has decayed into the Standard Model particles. This corresponds to the KK mass of order κ, since all the modes above the mass κ contributes to the effective number of degrees of freedom. Thus, m ∼ κ defines our physical mass of the KK mode which signifies the transit from the KK domination to the radiation domination. Notice, that the threshold is already well within the standard cosmological era, when H 2 ∼ ρ behavior has prevailed. In order to insure that radiation dominates the BBN epoch, one requires that the mass of the KK mode m ∼ κ ≥ 10 TeV, which naively gives the same bound on the brane tension λ we have obtained earlier. Here we make an important remark on the difference between the cosmological models of a single brane with that of a compact large extra dimensions. In the compact large extra dimensions it has been noticed that the normalcy temperature of the Universe has to be ≤ (1−100) MeV in order not to overproduce the KK gravitons if the fundamental scale is 4 + δ dimensional gravitational constant which is ∼ TeV [6, 7] . This however enforces the reheat temperature of the Universe to be below this normalcy temperature. It has also been noticed that in order to provide a dynamical mechanism to stabilize the extra compact dimensions and to inflate the 3 + 1 spatial dimensions which could also provide the right amount of the observed density perturbations in the Universe, one needs to promote the inflaton field to the higher dimensions [23, 24] . This inevitably leads to the Planck mass suppressed couplings between the inflaton and the Standard Model fields which resides only in our world. As an important consequence of this the reheat temperature of the Universe is always below the normalcy temperature and it is roughly given by ∼ (1 − 10) MeV. This is precisely the reason why such a low reheat temperature is able to prohibit any possibility of a KK domination just before nucleosynthesis, eventhough the temperature of the Universe at that time is larger than the mass gap of the discrete KK states which is given by an inversely proportional to the size of the extra dimension. However, in the case of a single brane the situation here is quite different. First of all there is no robust constraint on the Universe besides, the Standard Model fields and all the gauge fields are stuck to the brane living in a 5 dimensional world where the zero mode of the gravity is also localized on the brane. As a matter of fact the matter fields residing on a brane can even be responsible for inflating the brane world [25] . In such a case there is no good reason to believe why the Universe must thermalize into a radiation bath below the normalcy temperature T c defined in Eq. (11) . This leads to a natural suspicion what actually happens if the Universe prefers to thermalize before this temperature and this is the topic we shall study next. As we now notice that this case is indeed very much different from the compact large extra dimensions where the fundamental scale is around TeV.
Let us also notice that a similar situation as the one we are describing here arises in Ref. [8] when the authors have considered the KK modes of the gravitons and the gravitinos in a string motivated theories with a possibility of spontaneous breaking of supersymmetry at low scales. In order to have a very rough estimate of the effect coming from the KK modes in our case, we assume that the energy density of the Universe is governed by a thermal bath of larger abundance of relativistic KK modes compared to the photons at a given temperature T , which is greater than the normalcy temperature given by Eq. (11), thus we assume that the entropy of the Universe is evenly stored in the KK degrees of freedom. The net entropy density of the thermal bath is then determined by
while estimating the above equation we have neglected all O(1) contributions coming from π, and, hereafter we are little casual about such O(1) factors. The terms in a bracket corresponds to the relativistic degrees of freedom which is number of degrees of the KK modes can be estimated easily from the wavefunction Eq. (5). The total relativistic degrees of freedom has enhanced compared to the Standard Model degrees of freedom due to the production of the KK modes which we have assumed taking place abundantly in a thermal bath with a temperature T > T c . Now, following the fact that entropy conservation leads to: sa 3 = T 5 a 3 = constant, we obtain a simple relationship between the expansion of the Universe and the rate of change of the temperature
which has to be compared with that of the standard result where H ∼ −Ṫ /T . Therefore, if we assume the linear ρ dependence of H, this means that we are in a non-conventional era, then the Hubble parameter goes as
Moreover, the actual transit temperature at which ρ ∼ λ, when the Universe exits from the the above non-conventional era is now modified to be
It is interesting to notice that this temperature actually corresponds to our previous estimation of the normalcy temperature given in Eq. (11). Thus, this enforces our earlier conclusion, that the temperature at which the radiation era is restored is always well within the standard cosmological era where H ∼ ρ 1/2 /M p . Once the above threshold temperature has been passed away the Hubble parameter is naturally modified to
We would like to stress here that the above expressions for the Hubble expansion given in Eqs. (19, 20) are certainly quite puzzling, because they completely change the right-hand side of the Friedmann equation. The behavior is not the standard behavior H ∝ T 2 /M p anymore. This is a new but expected result. The physical essence of the change is that the relativistic KK modes at the instant of production enhance the relativistic degrees of freedom more than the Standard Model particle content. In fact, the relativistic degrees of freedom increase as T 2 . This is purely an outcome of a single brane set-up. We also notice that the Universe during these epochs expands much faster than the one given by the standard cosmology. This leads to a complete departure from the naive expectation of radiation domination in either one of these two epochs. Now, one has to guarantee that these KK modes in excess decay before the nucleosynthesis era to ensure that the radiation dominated thermal bath prevail. The aftermath of the evolution of the Universe depends upon the temperature T f inal at which the Universe again becomes radiation dominated. Therefore, one must calculate when this last transition is taking place.
In order to estimate the actual starting temperature of the radiation dominated world, we must notice some simple facts. The decay life time of the KK modes depends on the mass and as higher the mass, as faster is the decay rate, but notice, that in our case we have a continuum massive KK spectrum and therefore as the Universe expands a continuous decay of the KK modes is taking place. The decaying process is gradual and at the end all the KK modes in excess decay in order to pave a complete radiation dominated Universe. Thus, we are interested in knowing when and at what temperature this happens. From our earlier discussion we know that the last KK bit has a mass ∼ κ, because all the massive KK modes beyond m ∼ κ, which were actually responsible for modifying the evolution of the Universe via enhancing the number of relativistic degrees of freedom would have decayed while the Universe has been gradually changing from Eq. (20) to H ∝ T 2 /M p behavior. The readers should note that the mass of the KK mode is actually smaller than the transition temperature given by Eq. (19) , thus while calculating the decay of the mass m ∼ κ, one has to consider the intermediate evolution of the Universe which is governed by Eq. (20) . In order to know at what temperature the KK mode of a mass κ decays, we should compare the decay life time which is given by Eq. (8) with that of the Hubble time H −1 determined by Eq. (20) , as a first approximation. We obtain the final reheat temperature to be
As already expected this temperature is well below the KK mass m ∼ κ ≡ λ 1/2 /M p . Again, this tells us that the final reheat temperature is always well within the standard cosmological era and henceforth the evolution of the Universe renders that of a radiation dominated one where there is no danger from the KK modes and therefore the successes of the BBN can be realized. As a note, let us mention here, that since at the time of decay of the KK mode of mass m ∼ κ, the expansion of the Universe is closer to the standard one. Following a similar approximation for the decay life time, but now using H ∼ T 2 /M p , we obtain a colder Universe at the time of decay. The final temperature is given by
In fact, as this event is occurring during the transition among the two regimes, we expect that the actual temperature should be somewhere in between Eqs. (21) and (22) . In any case, the final reheat temperature must be at least larger than O(MeV). This again constrains the brane tension, and the bound is now given by
which suggests further enhancement on the brane tension compared to Eq. (12) . The uncertainty in Eq. (23) 
This bound is even stronger than the one we have obtained in Eq. (13) . Amazingly the brane tension has to be greater than the Higgs mass and we know that for a single brane scenario the hierarchy between the Planck scale and the electroweak scale has to be solved with a help of either supersymmetry or via technicolour. There is unfortunately no natural geometrical solution for this hierarchy problem as in the case of two brane scenario.
We draw two important conclusions from our analysis. The thermal history of a single brane cosmology is quite interesting and we summarize our results here. The evolution of the early Universe could be quite different than the naive expectations. In order to solve homogeneity and the flatness problem one requires a phase of inflation in these models. Inflation might occur in the non-conventional era [25] , or, in a conventional era. Depending on this initial phase the Universe might thermalize in a different way. The thermalization process inevitably renders the Universe as radiation dominated either in a non-conventional era or in a standard era. In the first case the Universe goes inevitably through a KK graviton domination phase, that will only end well after the standard ρ behavior of H 2 has been established. If thermalization occurs already in the standard cosmology, the initial radiation dominated phase is maintained provided that the reheating temperature is sufficiently lower than the normalcy temperature T c = (λ/M P ) 1/3 . Thus, the temperature associated with this threshold can safely be thought of as being the largest temperature of the Universe in the radiation era. Otherwise, an over production of KK modes takes over the Universe evolution. Once a KK dominated phase has started, and, regardless of the exact point when this takes place, this phase always ends at temperatures well below κ = λ 1/2 /M P , this event occurs well within the standard cosmological era. When the last mode of KK with a mass m ∼ κ has decayed, it leaves a radiation dominated Universe behind, which is now actually free from any danger of overproducing the KK modes. The temperature of the resulting bath may reach up to ∼ (λ 2 /M 5 p ) 1/3 . Then, this could be interpreted as the final reheat temperature of the Universe in a single brane cosmology in models with an infinite extra dimension.
In order not to disrupt nucleosynthesis one has to put some lower limits on the reheat temperature and this leads us to conclude that in our scenarios any deviation from the Newton's law can be noticed only at extremely small distances that ranges from ∼ 10 −11 mm up to ∼ (10 −15 − 10 −17 ) mm. This is certainly beyond the reach of the present experimental precession. Our bounds are based on some important realizations. The first point is that the KK modes with masses of the order of TeV in a Universe which is expanding as in case of a standard cosmology decays very close to the nucleosynthesis era. This destroys the abundance of light elements unless their number density is small. The second point is that BBN taking place during the standard era observes an absolute lower limit on the brane tension ∼ (10 8 GeV) 4 . This gives deviations on the Newton's constant at distances ∼ 10 −11 mm. The third and final realization is due to the fact that the final reheat temperature obtained after a brief period of KK domination must not exceed the nucleosynthesis temperature. This suggests that the brane tension must be even larger in order not to overrule the successes of the BBN. This constrains the brane tension to be ∼ [(10 10.75 − 10 11 ) GeV] 4 and gives the stringent bound on any deviations in gravity taking place at a very short distances ∼ (10 −15 − 10 −17 ) mm. This tells us that any deviation on the Newton's constant is hard to find at the present experimental precession, without mentioning the difficulties for testing this scenario in the future colliders [20] . This could be perhaps disappointing news as a single brane world may escape any direct evidence like most of the cosmological paradigms of the early Universe. These bounds may be escaped only if the maximum temperature of the Universe is lower than the normalcy temperature and also smaller than O(TeV), which seems to be a very constrained scenario, since it may require a lot of fine tuning in the inflaton couplings. Unfortunately, this might be the only hope for the direct experimental verification for an infinitely large extra dimension.
